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BULK FINFET DEVICE 

This Application is a continuation of US. patent applica 
tion Ser. No. 11/427,486 ?led on Jun. 29, 2006. 

FIELD OF THE INVENTION 

The present invention relates to the ?eld of semiconductor 
devices; more speci?cally, it relates to FinFET device struc 
tures and methods of fabricating FinF ET structures. 

BACKGROUND OF THE INVENTION 

FinF ET (Fin ?eld-effect-transistor) is an emerging tech 
nology, which allows smaller and higher performance 
devices. FinFET structures comprise narrow isolated bars of 
silicon (?ns) with a gate(s) on the sides of the ?n. Prior art 
FinFET structures are formed on silicon-on-insulator (SOI) 
substrates. However, FinFETs fabricated on SOI substrates 
suffer from ?oating body effects. The ?oating body of a 
FinFET on an SOI substrate stores charge, which is a function 
of the history of the device. As such, ?oating body FinFETs 
experience threshold voltages which are di?icult to anticipate 
and control, and which vary in time. The body charge storage 
effects result in dynamic sub-Vt leakage and Vt mismatch 
among geometrically identical adjacent devices. FinFETs 
fabricated on bulk silicon substrates do not experience ?oat 
ing body effects, but they do experience greatly increased 
source/ drain to substrate capacitance. Increased source-drain 
to substrate capacitance is a parasitic effect, which degrades 
performance (speed). 

Therefore, there is a need for FinFET devices and methods 
of fabricating FinF ET devices without ?oating body effects 
and with reduced parasitic capacitance. 

SUMMARY OF THE INVENTION 

A ?rst aspect of the present invention is a structure com 
prising: a ?nFET having a silicon body formed on a bulk 
silicon substrate; a body contact between the silicon body and 
the substrate; and ?rst and second source/drains formed in the 
silicon body and insulated from the substrate by a dielectric 
layer under the ?ns. 
A second aspect of the present invention is a structure, 

comprising: a single crystal silicon ?n extending in a ?rst 
direction parallel to a top surface of a bulk silicon substrate, 
the ?n having a channel region between ?rst and a second 
source/drains; an electrically conductive gate electrode 
extending in a second direction parallel to the top surface of 
the substrate and crossing over the channel region, the second 
direction different from the ?rst direction; a gate dielectric 
between the gate electrode and the ?n; at least a portion of the 
channel region of the ?n in direct physical and electrical 
contact with the substrate; and a dielectric layer between at 
least a portion of the ?rst source/drain and the substrate and 
between at least a portion of the second source/drain and the 
substrate. 

A third aspect of the present invention is a method, com 
prising: forming a silicon ?n on a top surface of a silicon 
substrate; forming a gate dielectric on opposite sidewalls of 
the ?n; forming a gate electrode over a channel region of the 
?n, the gate electrode in direct physical contact with the gate 
dielectric layer on the opposite sidewalls of the ?n; forming a 
?rst source/drain in the ?n on a ?rst side of the channel region 
and forming a second source/drain in the ?n on a second side 
of the channel region; removing a portion of the substrate 
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2 
from under at least a portion of the ?rst and second source/ 
drains to create a void; and ?lling the void with a dielectric 
material. 

BRIEF DESCRIPTION OF DRAWINGS 

The features of the invention are set forth in the appended 
claims. The invention itself, however, will be best understood 
by reference to the following detailed description of an illus 
trative embodiment when read in conjunction with the 
accompanying drawings, wherein: 

FIGS. 1A through 1F are cross-sectional views illustrating 
initial steps in the fabrication of FinFETs according to 
embodiments of the present invention; 

FIG. 2 is a three dimensional isometric view of the struc 
ture illustrated in FIG. 1F; 

FIG. 3 is a three dimensional isometric view of the struc 
ture illustrated in FIG. 2 after additional fabrication steps; 

FIG. 4 is a top view and 
FIGS. 5A, 5B, 5C and 5D are cross-sectional views 

through respective lines 5A-5A, 5B-5B, 5C-5C and 5D-5D of 
the structure illustrated in FIG. 3; 

FIG. 6 is a top view and 
FIGS. 7A, 7B, 7C and 7D are cross-sectional views 

through respective lines 7A-7A, 7B-7B, 7C-7C and 7D-7D of 
the structure illustrated in respective FIGS. 4, 5A, 5B, 5C and 
5D after additional processing; 

FIG. 8 is a top view and 
FIGS. 9A, 9B, 9C and 9D are cross-sectional views 

through respective lines 9A-9A, 9B-9B, 9C-9C and 9D-9D of 
the structure illustrated in respective FIGS. 6, 7A, 7B, 7C and 
7D after additional processing; and 

FIG. 10 is a top view and 
FIGS. 11A, 11B, 11C and 11D are cross-sectional views 

through respective lines 11A-11A, 11B-11B, 11C-11C and 
11D-11D of the structure illustrated in respective FIGS. 8, 
9A, 9B, 9C and 9D after additional processing. 

DETAILED DESCRIPTION OF THE INVENTION 

FIGS. 1A through 1F are cross-sectional views illustrating 
initial steps in the fabrication of FinFETs according to 
embodiments of the present invention. In FIG. 1A, formed on 
a bulk silicon substrate 100 is a pad silicon oxide layer 105 
and formed on the pad oxide layer is a pad silicon nitride layer 
110. A bulk silicon substrate is de?ned as a monolithic block 
of single-crystal-silicon. Formed through pad silicon oxide 
layer 105 and pad silicon nitride layer 110 is a dielectric 
shallow trench isolation (STI) 115. An optional dielectric 
liner 120 around the sides and bottom surfaces, but not the top 
surface, of STI 115 is shown. STI 115 may be formed, by 
photolithographically de?ning openings in the pad silicon 
oxide 105 and silicon nitride 110 layers, etching (for example, 
by reactive ion etch (RIE)) a trench into substrate 100 where 
the substrate is not protected by the pad layers, back?lling the 
trenches with dielectric and performing a chemical-mechani 
cal-polish (CMP) so a top surface of the STI is co-planar with 
a top surface of the pad silicon nitride layer. 

In one example, pad oxide layer 105 is formed by thermal 
oxidation of substrate 100 and between about 5 nm and about 
20 nm thick. In one example, pad silicon nitride layer 110 is 
formed by chemical-vapor-deposition (CVD) and is between 
about 50 nm and about 500 nm thick. In one example, STI 1 15 
comprises a CVD oxide such as tetraethoxysilane (TEOS) or 
high-density-plasma (HDP) oxide. In one example, liner 120 
comprises less than 50 nm of silicon oxide, silicon nitride or 
a dual layer of silicon oxide under silicon nitride. In one 
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example, STI 115 is between about 50 nm and about 500 nm 
thick. Pad silicon nitride layer 110 is then stripped selective to 
oxide and STI 115 is planarized to be approximately ?ush 
with the top surface of pad oxide layer 105. 

In FIG. 1B, an etch stop layer 125 is deposited over pad 
silicon oxide 110, STI 115 and exposed edges ofliner 120 if 
present, and a mandrel layer 130 is deposited over the etch 
stop layer. In one example, etch stop layer comprises CVD 
silicon nitride and is between about 2 nm and about 10 nm 
thick. In one example, mandrel layer 130 is CVD oxide 
described supra, and is between about 100 nm and about 500 
nm thick. The thickness of mandrel layer determines the 
height of the silicon ?n (above the current bulk silicon 100/ 
pad silicon oxide layer 125 interface) that will be formed 
subsequently. 

In FIG. 1C, a trench 135 is etched through mandrel layer 
130 and etch stop layer 125 to expose substrate 100 in the 
bottom of the trench. In one example, trench 135 has a width 
“W” of between about 20 and about 100 nm wide. The width 
“W” de?nes the width of the silicon ?n (less any subsequent 
sidewall oxidations, if any) to be subsequently formed. 

In FIG. ID, a single-crystal silicon ?n 140 covered by a cap 
145 is formed in trench 135. Pin 140 may be formed by 
selective epitaxial growth to above the top surface of mandrel 
layer 130 followed by planarization and a recess RIE. In one 
example, the top of ?n 140 is recessed between about 20 nm 
and about 100 nm below the top surface of mandrel layer 130. 
In one example, cap 145 may be formed by CVD deposition 
of silicon nitride of suf?cient thickness top over?ll the recess 
followed by a CMP so a top surface of cap 145 is coplanar 
with a top surface of mandrel 130. Alternatively, a polysilicon 
?n may be formed instead of a single-crystal silicon ?n. 

In FIG. 1E, mandrel 130 (see FIG. 1D) is removed. In one 
example, when mandrel layer 130 is oxide and cap 145 and 
etch stop layer 125 are silicon nitride, the mandrel is removed 
with an RIE selective to etch oxide faster than silicon nitride. 
Alternatively, mandrel layer 130 may be removed by a wet 
etching process (i.e. aqueous hydro?uoric acid when mandrel 
130 is a silicon oxide). Then etch stop layer 125 is removed 
with a RIE selective to etch silicon nitride faster than silicon 
oxide, in which case cap 145 (see FIG. 1D) is thinned to form 
cap 145A. 

In FIG. 1F, a gate dielectric layer 150 is formed on the 
sidewalls of ?n 140. In the present example, gate dielectric 
150 is a thermally grown silicon oxide, so a thin region of 
exposed substrate 100 is also oxidized. Alternatively, gate 
dielectric 150 may be deposited. In the example of a depos 
ited gate dielectric, gate dielectric 150 may be a high K 
(dielectric constant) material, examples of which include but 
are not limited metal oxides such as TaZOS, BaTiO3, HfOZ, 
ZrOZ, A1203, or metal silicates such as HfSixO or HfSixOyNZ 
or combinations of layers thereof. A high K dielectric mate 
rial has a relative permittivity above about 10. In one example, 
gate dielectric 150 is between about 0.5 nm and about 20 nm 
thick. 

Next a gate 155 is formed crossing over ?n 140 and a 
capping layer 160 formed on the top (but not the sidewalls of 
the gate (see FIG. 2). In one example, gate 155 comprises 
doped or undoped polysilicon or a highly silicided metal layer 
and is at least thick enough to cover the sidewalls of ?n 140. 
In one example, capping layer 160 is silicon nitride and is 
between about 100 nm and about 500 nm thick. 

FIG. 2 is a three dimensional isometric view of the struc 
ture illustrated in FIG. 1F. In FIG. 2, gate 155 and capping 
layer cross ?n 140. In one example, ?n 140 and gate 155 are 
orthogonal to each other. In one example, ?n 140 and gate 155 
may cross at an angle de?ned by a crystal plane of the ?n. In 
one example, gate 155 and capping layer 160 are formed by 
blanket CVD deposition of the gate, followed by a CMP, 
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4 
followed by blanket CVD deposition of the capping layer 
followed by a photolitho graphic and etch process to de?ne the 
gate and capping layer. 

FIG. 3 is a three dimensional isometric view of the struc 
ture illustrated in FIG. 2 after additional fabrication steps. In 
FIG. 3, source/ drains 180 are formed by ion implantation and 
then a ?rst protective layer 165 is formed on the exposed 
sidewalls of ?n 140 and gate 155, a second protective layer 
170 formed over ?rst protective layer 165 on the sidewalls of 
gate 155 and a spacer 175 formed on top edges of ?rst and 
second protective layers 165 and 170 adjacent to capping 
layer 160. Formation of ?rst and second protective layers 165 
and 170 and spacer 175 may be accomplished, in one example 
by: 
(1) performing a blanket CVD deposition of silicon nitride to 
form a blanket of layer ?rst protective layer 165; 

(2) performing a blanket deposition of a CVD oxide (as 
described supra) to form a blanket layer of second protective 
layer 170 over the blanket of layer ?rst protective layer 165; 

(3) performing a CMP of the CVD oxide to expose capping 
layer 160; 
(4) performing a RIE recess etch to recess the CVD oxide 
below the top surface of capping layer 160; 

(5) performing a blanket CVD silicon nitride deposition fol 
lowed by a spacer RIE to form spacers 175; and 

(6) performing a RIE to remove all CVD oxide not protected 
by spacers 175. 

FIG. 4 is a top view and FIGS. 5A, 5B, 5C and 5D are 
cross-sectional views through respective lines 5A-5A, 
5B-5B, 5C-5C and 5D-5D of the structure illustrated in FIG. 
3. It should be noted in FIGS. 5B, 5C and 5D that the bound 
aries of source/drains 180 are indicated by the small-dash 
dashed lines. In FIGS. 5A and 5D, the interface between 
substrate 100 and ?n 140 is indicated by the large-dash 
dashed line even though this interface is not detectable since 
the ?n was grown epitaxially. It is shown for reference pur 
poses. Also in FIGS. 5A and 5D, a channel region 185 exists 
under gate 155 in ?n 140. 

FIG. 6 is a top view and FIGS. 7A, 7B, 7C and 7D are 
cross-sectional views through respective lines 7A-7A, 
7B-7B, 7C-7C and 7D-7D of the structure illustrated in 
respective FIGS. 4, 5A, 5B, 5C and 5D after additional pro 
cessing. FIGS. 7A and 7D are identical to respective FIGS. 
5A and 5D. In FIGS. 6, 7B and 7C a trench 7C has been etched 
into substrate 100 a depth “D” using, for example, an RIE 
selective to etch silicon faster than silicon dioxide and silicon 
nitride wherever the substrate is exposed (see FIGS. 4, 5B and 
5C). In one example “D:” is between about 50 nm and about 
250 nm. In one example, “D” is about one half the thickness 
of STI 115 (or the thickness of STI 115 and liner 120, if liner 
1120 is present). Fin 140 is protected from etching by cap 
145A, gate dielectric 150 and protective layer 165 while gate 
155 is protected from etching by ?rst and second protective 
layers 165 and 170 as well as cap 160 and spacers 175. 

FIG. 8 is a top view and FIGS. 9A, 9B, 9C and 9D are 
cross-sectional views through respective lines 9A-9A, 
9B-9B, 9C-9C and 9D-9D of the structure illustrated in 
respective FIGS. 6, 7A, 7B, 7C and 7D after additional pro 
cessing. FIG. 9A is identical with FIG. 7A. In FIGS. 8, 9B, 9C 
and 9D a wet etch of silicon has been performed to enlarge 
trench 190 (see, FIGS. 7B and 7C) to form trench 190A and 
undercut ?n 140 in source/drains 180 leaving a pedestal 195 
of silicon connecting ?n 140 to substrate 100 in channel 
region 185. Pedestal 195 has an edge 200 indicated by the 
dashed line in FIG. 8. Depending upon the amount of under 
cutting, source/drain regions 180 may be completely or par 
tially undercut and the cross-sectional area of pedestal 195 
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may vary. There may or may not be undercutting of channel 
region 185. As an example, channel region 185 is partially 
undercut and the source/drains (not shown in FIG. 9D) are 
completely undercut and not present in FIG. 9D. A portion of 
substrate 100 and ?n 140 is removed in the undercutting 
process. The undercutting may be performed isotropically, 
for example, by wet etching in a mixture of nitric and hydrof 
luoric acids or by RIE using CF4 or SF4. Alternatively, the 
undercutting may be performed an-isotropically by wet etch 
ing in an aqueous or alcoholic solution of a strong base such 
as potassium hydroxide or tetrametylammonium hydroxide 
which etches the [001] crystal plane of silicon faster than the 
[001] crystal plane. Pedestal 195 provides an electrically 
conductive body contact between channel region 185 and 
substrate 100, effectively eliminating ?oating body effects. 

FIG. 10 is atop view and FIGS. 11A, 11B, 11C and 11D are 
cross-sectional views through respective lines 11A-11A, 
11B-11B, 11C-11C and 11D-11D ofthe structure illustrated 
in respective FIGS. 8, 9A, 9B, 9C and 9D after additional 
processing. In FIGS. 10, 11A, 11B, 11C and 11D a dielectric 
layer 205 is deposited, ?lling (shown) or partially ?lling (not 
shown) the undercut regions of trench 190A. A top surface of 
dielectric layer 205 is coplanar with a top surface of capping 
layer 160. In one example, dielectric layer 205 is formed by 
conformal CVD oxide deposition (such as TEOS or HDP) 
followed by a CMP. It is permissible not to completely ?ll 
undercut regions 190A and leave voids because the remainder 
of dielectric layer 205 will seal any voids. The distance “T” 
between ?n 140 and substrate 100 under source/drains 180 
(see FIG. 11D) whether completely ?lled or containing voids, 
greatly reduces parasitic capacitance between the ?n and the 
substrate. In one example, “T” is between about 50 nm and 
about 250 nm. 

Contacts (not shown, but well known in the art) may be 
formed to the ?nFET by forming contact via holes through 
dielectric 205 and capping layers 145A and 160 to source 
drains 180 and gate 155, ?lling the via holes with metal (e.g. 
barrier liner and tungsten) and performing a CMP. Next, 
standard processing including formation of levels of wiring 
and intervening dielectric layers are formed through comple 
tion of an integrated circuit chip containing ?nF ET devices 
according to embodiments of the present invention. 

Thus, the embodiments of the present invention provide 
FinFET devices and a method of fabricating FinFET devices 
without ?oating body effects and with reduced parasitic 
capacitance. 

The description of the embodiments of the present inven 
tion is given above for the understanding of the present inven 
tion. It will be understood that the invention is not limited to 
the particular embodiments described herein, but is capable 
of various modi?cations, rearrangements and substitutions as 
will now become apparent to those skilled in the art without 
departing from the scope of the invention. Therefore it is 
intended that the following claims cover all such modi?ca 
tions and changes as fall within the true spirit and scope of the 
invention. 
What is claimed is: 
1. A method, comprising: 
forming a mandrel layer on a top surface of a silicon sub 

strate; 
forming an opening in said mandrel layer, a region of said 

top surface of said substrate exposed in said opening; 
?lling said opening with silicon to form a silicon ?n on said 

top surface of said silicon substrate followed by remov 
ing said mandrel layer; 

forming a gate dielectric on opposite sidewalls of said ?n 
and said top surface of said substrate on opposite sides of 
said ?n; 
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forming a gate electrode over a channel region of said ?n, 

said gate electrode in direct physical contact with said 
gate dielectric layer on said opposite sidewalls of said 
?n; 

after said forming said gate electrode, forming a protective 
dielectric layer on regions of said gate dielectric layer on 
said opposite sidewalls of said ?n not protected by said 
gate electrode; 

forming a ?rst source/ drain in said ?n on a ?rst side of said 
channel region and forming a second source/drain in 
said ?n on a second side of said channel region; 

after forming said ?rst and second source/drains, removing 
said gate dielectric from said top surface of said silicon 
substrate where said gate dielectric is not protected by 
said gate electrode to expose regions of said substrate on 
opposite sides of said ?rst and second source/drains; 

etching said exposed regions of said substrate to form 
trenches in said exposed regions of said substrate and to 
remove a portion of said substrate from under a portion 
of said ?n to create a void communicating with said 
trenches, a pedestal region of said substrate under said 
channel region remaining to form a body contact to said 
?n; and 

?lling said void and said trenches with a dielectric material. 
2. The method of claim 1, wherein said ?n is formed by 

epitaxial deposition of silicon in said opening. 
3. The method of claim 1, wherein said etching said 

exposed regions of said substrate includes: 
performing a ?rst etch to form said trenches, said trenches 

not extending under said gate electrode; and 
performing a second isotropic etch to undercut said ?n by 

laterally etching sidewalls of said trenches. 
4. The method of claim 3, wherein said second etch 

removes a layer from said a bottom surface of said ?n in a 
region of said ?n exposed to said second etch. 

5. The method of claim 1, further including; 
after ?lling said opening with silicon, performing a chemi 

cal-mechanical polish, after said chemical-mechanical 
polish a top surface of said ?n is coplanar with a top 
surface of said mandrel layer. 

6. The method of claim 1, further including: 
prior to said forming said gate dielectric, forming a capping 

layer on a top surface of said ?n, wherein said protective 
layer is also formed on said capping layer; and 

forming an additional protective layer on said ?rst protec 
tive layer over sidewalls of said gate electrode. 

7. The method of claim 1, wherein said substrate comprises 
single-crystal silicon and said ?n comprises polysilicon. 

8. The method of claim 1, wherein said substrate comprises 
single-crystal silicon and said ?n comprises single-crystal 
silicon. 

9. The method of claim 1, wherein said void extends under 
a portion of said channel region. 

10. The method of claim 1, wherein after said etching said 
exposed regions of said substrate, said pedestal contacts said 
?n only under said channel region of said ?n. 

11. The method of claim 1, further including: 
before forming said mandrel layer, forming dielectric 

trench isolation in said substrate and forming said open 
ing in said mandrel in a region of said substrate to said 
proximate trench isolation. 

* * * * * 


